Three thermo-tolerant halophilic archaeal strains, SR-441 T , SR-412 and SR-188, were isolated from commercial salt samples. Cells were non-motile pleomorphic rod-shaped, and stained Gram-negative. Colonies were pink-pigmented. The three strains were able to grow with 1.7-4.6 M NaCl (optimum, 2.5 M), at pH 6.5-9.0 (optimum, pH 8.0) and at 35-60 C (optimum, 45 C). The orthologous 16S rRNA gene sequence similarities amongst the three strains were 98.8-99.3 %, and the level of DNA-DNA relatedness was 71-74 and 72-75 % (reciprocally). The closest relative was Halopiger aswanensis JCM 11628
Names with Standing in Nomenclature, http://www.bacterio.net/). They were isolated from a sediment sample (from Shangmatala salt lake, China), the surface of hypersaline soils (close to Aswan, Egypt) and a salt mine (Akesu area in Xinjiang province of China), respectively. The status of the genus Halopiger was established by a taxonomic analysis of a number of cream-or pink-to red-pigmented, extremely halophilic pleomorphic rods requiring at least 1.7 M NaCl for growth (Zhang et al., 2013) . The major polar lipids were C 20 C 20 and sometimes C 20 C 25 glycerol diether derivatives of phosphatidylglycerol (PG), phosphatidylglycerol phosphate methyl ester (PGP-Me) and bis-sulfated diglycosyl archaeol-1 (S 2 -DGA-1). During our surveys on halophilic archaeal diversity of commercial salt samples available in Japan, thermo-tolerant strains, T , SR-412 and SR-188, able to grow at 60 C were obtained. In the present study, we report the phenotypic and phylogenetic characterization of strains SR441-1 T , and propose a novel species of the genus Halopiger.
In total, 583 salt samples (0.3 g each), domestic and imported, were dissolved in 1 ml of 5 % (w/v) sterile NaCl solution. Approximately 0.2 ml of each sample was mixed with 3 ml of the following liquid medium in screw-capped test tubes, and incubated at 60 C. The medium was modified JCM medium No. 168 (JCM 168sp) which contained (g l À1 ) 200.0 NaCl, 5.0 casamino acids (Difco), 5.0 yeast extract (Difco), 1.0 sodium pyruvate, 1.0 sodium glutamate, 3.0 trisodium citrate, 2.0 KCl, 1.0 MgSO 4 Á7H 2 O, 0.036 FeSO 4 Á4H 2 O and 0.00036 MnSO 4 Á4H 2 O, pH adjusted to 8.0 with 40 % KOH. After incubation for 2-4 weeks, 100 µl cultures that showed growth were spread on agar plates of the same medium and incubated at 60 C. After 2 weeks, cells were picked up, transferred to new plates, and purified by repeated dilution and streaking on agar plates. The three strains (SR-441 T , SR-412 and SR-188) were isolated from commercial salt obtained from Australia, Mexico and China, respectively. Phenotypic tests were performed as recommended by Oren et al. (1997) Hezayen et al. (2010) and Zhang et al. (2013) , except the orthologous 16S rRNA gene sequences (see below), rpoB¢ gene sequences and polar lipid profiles.
Multi-copies of highly heterogeneous 16S rRNA genes are present in some strains of halobacteria, notably in Haloarcula and Halomicrobium (Mylvaganam & Dennis, 1992; Dennis et al., 1998; Yang & Cui, 2012) . In a previous paper (Minegishi et al., 2012) , we showed that the dihydroorotate oxidase gene (pyrD) was present immediately upstream of the orthologous rRNA operon in many strains of halobacteria, while the dihydrolipoamide dehydrogenase gene, instead of pyrD, was present in Hpg. xanaduensis, as well as other members of clade I, which was designated as order Natrialbales by Gupta et al. (2015) . In this study, we designed a primer based on the conserved region of the dihydrolipoamide dehydrogenase gene (lpdA). The orthologous 16S rRNA gene was amplified by PCR with lpdA primer set: forward primer lpdA3, 5¢-CTGAACYACGGYT-GYATCCC-3¢; reverse primer 23S rev2 (Minegishi et al., 2012) , 5¢-GCTTWTCGCAGCTTGG-3¢. The pyrD primer set 2, pyrD2 and 23S Rev2, gave no PCR products with DNA from the three strains. The reaction mixture, 50 µl, consisted of 5 µl 10Â Ex Taq PCR buffer, 4 µl dNTP (2.5 mM each), 2 µl forward primer, 2 µl reverse primer (10 mM each), 35.5 µl distilled water, 0.5 µl Ex Taq polymerase (TaKaRa) and 1 µl template DNA (about 100 ng). Thermal cycling was carried out in 0.2 ml reaction tubes in a GeneAmp PCR system 9700 (Applied Biosystems). The amplification was started by incubation at 96 C for 5 min, followed by 35 cycles of 20 s at 98 C, 30 s at 56 C and 2 min 30 s at 72 C, and final extension was done for 2 min at 72 C. Sequencing of the 16S rRNA gene region was done as described previously (Minegishi et al., 2012) . Relevant sequences retrieved from the DNA Data Bank of Japan were aligned using CLUSTAL X 2.1 (Larkin et al., 2007) . The phylogenetic tree was reconstructed by the neighbour-joining method (Saitou & Nei, 1987) and was evaluated by bootstrap sampling, with values expressed as percentages of 1000 replicates (Felsenstein, 1985) . Maximum-likelihood analysis and support values were performed with raxmlGUI ver 1.31 (Silvestro & Michalak, 2012; Stamatakis et al., 2005) . Phylogenetic trees were also reconstructed with MEGA 7 (Kumar et al., 2016) using the maximum-parsimony (Fitch, 1971 ) algorithm with 1000 randomly selected bootstrap replicates. 16S rRNA gene sequence similarities amongst strains SR-441 T (AB844674, 1472 bp), SR-412 (AB844673, 1472 bp) and SR-188 (AB844671, 1472 bp) were 98.8-99.3 %, and the closest related recognized species were Hpg. aswanensis JCM 11628 T (AB663437, 1471 bp) with 98.6-99.1 % similarity, Hpg. xanaduensis JCM 14033 T (AB663438, 1471 bp) with 98.5-99.1 % similarity and Hpg. salifodinae (AB935410, 1472 bp). Their phylogenetic position was also confirmed in trees generated using the maximum-likelihood (Fig. 1a) , neighbour-joining (Fig.  S1 , available in the online Supplementary Material) and maximum-parsimony algorithms (Fig. S2) . The results suggested that the three strains represent a novel species in the genus Halopiger.
Determination of the DNA-dependent RNA polymerase B¢ (rpoB¢) gene sequence and its analysis were performed according to Minegishi et al. (2010b) . Levels of rpoB¢ gene sequence similarity amongst strains SR-441 T (LC146655, 1830 bp), SR-412 (LC146654, 1830 bp) and SR-188 (LC146653, 1830 bp) were 96.2-98.7 %. The most closely related species to strains SR188 and SR412 was Hpg. xanaduensis JCM 14033 T (95.8 and 96.5 %, respectively), and the most closely related species to strain SR441 T was Hpg. aswanensis JCM 11628 T (96.1 %). In phylogenetic trees generated using rpoB¢ gene sequences using the maximum-likelihood and neighbour-joining algorithms (Figs 1b and S3 
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Halopiger thermotolerans DNA-DNA hybridization was assessed by using the fluorometric method of Ezaki et al. (1989 61, 56, 55 % and 54, 49, 51 % (reciprocally) . These values were well below the threshold value of 70 % DNA-DNA relatedness generally accepted for the definition of a novel species (Wayne et al., 1987; Stackebrandt & Goebel, 1994) .
Phenotypic tests were performed according to Minegishi et al. (2010a) and Oren et al. (1997) . The analyses were conducted using liquid or solidified JCM 168sp medium at 45 C. The range of salinity for growth was determined by using the growth medium JCM 168sp containing various concentrations of NaCl (0-5.5 M) at intervals of 0.5 M (approximately 3.0 %, w/v). The pH range for growth was assayed from pH 6.0 to 10.5 at intervals of 0.5 pH unit in liquid medium containing 50 mM pH buffer (MES/NaOH, pH 6.0-7.0; HEPES/NaOH, pH 7.0-8.0; Tricine/NaOH, pH 7.5-9.0; CHES/NaOH, pH 9.0-10.0; glycine/NaOH, pH 9.5-10.5). The temperature range for growth was determined at 15, 20, 25, 30, 35, 37, 40, 42, 45, 50, 55, 58, 60, 61 and 62 C in a medium of pH 8.0 with 2.5 M NaCl. Colony morphology was observed on agar medium. Gram-staining was performed according to Dussault (1955) . Cell morphology and motility were examined using a phase contrast microscope (Olympus BX53F). Cells of strains SR-441 T , SR-412 and SR-188 were observed as being pleomorphic rod-shaped, approximately 0.5-1.0 µm wide and 1.0-6.0 µm long; they were non-motile and stained Gram-negative. Colonies were circular, smooth and pink-pigmented. Strain SR-441
T was able to grow with 1.7-4.6 M NaCl (optimum, 2.5 M), at pH 6.5-9.0 (optimum, pH 8.0) and at 35-60 C (optimum, 45 C). No growth was observed at 62 C. Strains SR-412 and SR-188 grew over the same ranges and optima. These strains did not require addition of Mg 2+ for growth. Cells of all strains lysed in distilled water. The phenotypic characteristics that were similar amongst strains SR-441 T , SR-412 and SR-188 but differed from those of other Halopiger species are summarized in Table 1 .
Tests for catalase and oxidase activities and for the hydrolysis of casein, cellulose, chitin, gelatin, mannan, starch, Tween 80 and urea were performed as described by Gonzalez et al. (1978) . Reduction of nitrate was detected by using the sulfanilic acid and a-naphthylamine reagent (Smibert & Krieg, 1994) . H 2 S formation was determined by the black sulfide precipitate in medium containing 0.5 % (w/v) sodium subsulfite. Indole production from tryptophan and the utilization of sugars and organic acids were assessed as described by Oren et al. (1997) . Strains SR-441 T , SR-412 and SR-188 did not hydrolyse casein, cellulose, chitin, gelatin, mannan, starch, Tween 80 or urea. These strains were oxidase-positive. Strain SR-188 was catalase-positive whereas the others were not. None of the strains produced indole from tryptophan. They did not produce H 2 S from thiosulfate.
Utilization of carbon sources for growth was determined in JCM 168sp liquid medium that contained 0.1 % casamino acids (Difco) and 0.5 % single carbon sources. Yeast extract (Difco), sodium pyruvate, sodium glutamate and trisodium citrate were omitted. Sensitivity to antimicrobial agents was determined on JCM 168sp agar plates by using BD SensiDiscs (Becton Dickinson; per disc): ampicillin (10 µg), bacitracin (10 U), carbenicillin (100 µg), cefoxitin (300 µg), cephalothin (30 µg), chloramphenicol (30 µg), erythromycin (15 µg), gentamicin (120 µg), kanamycin (30 µg), nalidixic acid (30 µg), neomycin (30 µg), novobiocin (30 µg), penicillin G (10 U), rifampicin (5 µg), streptomycin (300 µg) and tetracycline (30 µg). The strains were sensitive to bacitracin, novobiocin and rifampicin, but resistant to ampicillin, carbenicillin, cefoxitin, cephalothin, chloramphenicol, gentamicin, kanamycin, neomycin, streptomycin and tetracycline. Erythromycin, nalidixic acid and penicillin G were variable.
Polar lipids were extracted with chloroform/methanol and developed on HPTLC silica gel 60 plates (20Â10 cm; Merck) in the solvent system chloroform/methanol/acetic acid/water (85 : 22.5 : 1 : 4, by vol.) as described previously (Kamekura, 1993) . The major polar lipids were archaeol derivatives of PG and PGP-Me, derived from both C 20 C 20 and C 20 C 25 archaeol. S 2 -DGA-1 as the major glycolipid was present. The strains also contained at least one glycolipid that has yet to be identified (Fig. S4) . The polar lipids of strains SR-441 T , SR-412 and SR-188 were identical to those of members of the genus Halopiger.
The most distinctive feature of the three strains was the ability to grow at 60 C, while recognized Halopiger species showed growth at lower temperature, 55 C at most (Hpg. aswanensis).
The above phenotypic and phylogenetic characteristics indicated that strains SR-441 T , SR-412 and SR-188 represent a novel species within the genus Halopiger, for which the name Halopiger thermotolerans sp. nov. is proposed.
Description of Halopiger thermotolerans sp. nov.
Halopiger thermotolerans (ther.mo.to'le.rans. Gr. n. therme heat; tolerans L. pres. part. tolerans tolerating; N.L. part. adj. thermotolerans heat-tolerant).
Cells are non-motile and pleomorphic, rod-shaped under optimal growth conditions, approximately 0.5-1.0 µm wide and 1.0-6.0 µm long. Colonies are circular, smooth and pink-pigmented. Able to grow at 1.7-4.6 M NaCl (optimum 2.5 M NaCl), at pH 6.5-9.0 (optimum pH 8.0) and at 35-60 C (optimum 45 C 20 and C 20 C 25 archaeol and S 2 -DGA-1 as the major glycolipid. Also contains at least one glycolipid that has yet to be identified. The G+C content of the DNA is 63.0-63.7 mol%.
The type strain is SR-441 T (=JCM 19583 T =KCTC 4248 T ) isolated from commercial salt imported from Australia. SR-412 (=JCM 19582) and SR-188 (=JCM 19581) , isolated from commercial salt samples, are additional strains of the species.
